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(54) Method for producing dicycloalkylsubstituted silanes. 



@ The instant invention discloses a method for producing dicycloalkylsubstituted silanes by reacting a 
silane selected from the group consisting of i) halo- or alkoxysilanes having two hydrogen atoms 
attached to the silicon, ii) monocycloalkylsubstituted halo- or alkoxysilanes having one hydrogen atom 
attached to silicon, and iii) mixtures thereof ; with an unsaturated alicyclic olefin in the presence of a 
hydrosilylation catalyst and an effective amount of oxygen. 



CM 
CM 
0> 

CM 
O 
CO 



D. 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



EP0 602 922 A2 

A prior art method for producing organosilicon compounds comprises reacting an -Si-H containing com- 
pound with a -C=C- compound in the presence of a catalyst and is commonly referred to as a hydrosilylation 
reaction. Typically, the catalyst is platinum metal on a support, a platinum compound or a platinum complex. 
However, other metals such as rhodium and nickel may also be used. 

5 Although US-A2,823,218, US-A 3,220,972 and EP-AO 337 197 disclose processes for the production of 
monocycloalkylsubstituted silanes it has been found almost impossible to produce dicycloalkylsubstituted si- 
lanes using the hydrosilylation reaction. Typically, dicycloalkyl-substituted silanes are produced by more ex- 
pensive reaction routes such as the Grignard reaction. For example, EP-A1 0 460 590 sets forth two reaction 
routes for producing dicyclopentyldialkoxysilanes. The first route comprises reacting 2 moles of cyclopentyl- 

10 magnesium halide as a Grignard reagent and 1 mole of tetramethoxysilane. The second route comprises re- 
acting 2 moles of cyclopentylmagnesium halide with 1 mole of tetrahalogenosilane to give a dicydopentyldi- 
halogenosilane which is then reacted with methyl alcohol. 

It is an object of this invention to provide a method for the production of dicycloalkylsubstituted silanes 
wherein the method comprises reacting a silane having two hydrogen atoms bonded to the silicon and unsa- 

15 turated alicyclic olefins using a hydrosilylation catalyst where the reaction is carried out in the presence of 
oxygen. 

It is further an object of this invention to provide a method for the production of dicycloalkyl-substituted 
silanes wherein the method comprises reacting a monocycloalkylsubstituted silane having one hydrogen atom 
bonded to the silicon and an unsaturated alicyclic olefin using a hydrosilylation catalyst where the reaction is 

20 carried out in the presence of oxygen. 

This invention provides a method of producing dicycloalkylsubstituted silanes by reacting a silane selected 
from halo- or alkoxysilanes having two hydrogen atoms bonded to the silicon atom or monocycloalkylsubsti- 
tuted halo- or alkoxysilanes having one hydrogen atom bonded to the silicon atom (herein referred to as di- 
hydridosilane) with an unsaturated alicyclic olefin or mixture of alicyclic olefins having at least 4 carbon atoms. 

25 The reaction is catalyzed with a hydrosilylation catalyst selected from rhodium compounds, platinum metal, 
platinum compounds, platinum complexes and nickel compounds. Oxygen is introduced throughout the reac- 
tion to enhance reaction parameters such as reaction rate and selectivity of addition. 

The instant invention further provides a method for the production of dicycloalkylsubstituted silanes by 
reacting an unsaturated alicyclic olefin with a monocycloalkyi-substituted halo- or alkoxysilane having one hy- 

30 drogen atom bonded to the silicon (herein referred to as monohydridosilane) using a hydrosilylation catalyst. 
The monohydridosilane may be produced using methods known in the art. The monohydridosilane is reacted 
with an unsaturated alicyclic olefin using a hydrosilylation catalyst under an oxygenated atmosphere to pro- 
duce the dicycloalkylsubstituted silane. 

The dihydridosi lanes useful in this Invention are those halo- or alkoxysilanes that contain two hydrogen 

35 atoms bonded to the silicon atom. The dihydridosilanes useful in the instant invention may be exemplified by 
silanes having the formula H 2 SiR 2 wherein R is selected from a halide or an alkoxy group, -OR 1 , where R 1 is 
an alkyl group of 1 to 5 carbon atoms. R may be further exemplified by halkJes such as chlorine and bromine 
or alkoxy groups such as methoxy and ethoxy. The dihydridosilanes useful in the instant invention may be 
further exemplified by dichlorosilane, dibromosilane and dimethoxysiiane. The preferred dihydridosi lane is 

40 dichlorosilane. 

The monohydridosilanes useful in the instant invention are those halo- or alkoxymonocycloalkylsubstitut- 
ed silanes that contain one hydrogen atom bonded to the silicon atom. The monohydridosilanes useful in the 
instant invention may be further exemplified by silanes having the formula HSiR 2 R 2 wherein R is selected from 
a halide or an alkoxy group, -OR 1 , where R 1 is an alkyl group of 1 to 5 carbon atoms; and R 2 is selected from 

45 a cycloalkyl of at least 4 carbon atoms. R 2 is further exemplified by cyclobutyl, cyclopentyl and cycylohexyi. 
The preferred R 2 is cyclopentyl. 

The unsaturated alicyclic compounds useful in the instant invention are exemplified by unsubstituted un- 
saturated alicyclic olefins that have at least 4 carbon atoms, substituted unsaturated alicyclic compounds that 
have at least 4 carbon atoms and mixtures thereof. The unsubstituted unsaturated alicyclic olefins useful in 

so the instant invention are those olefins that have one or more unsaturated carbon-carbon bonds in the ring. 
The unsubstituted unsaturated alicydic olefins are further exemplified by cydobutene, cydopentene, cydo- 
hexene, cydoheptene, cyclooctene, cydopentadiene, 1,3-cyclohexadiene, 1,3,5,7-cydoheptadiene and cy- 
clooctatetraene. The substituted unsaturated alicydic compounds useful in the instant invention are only those 
that contain substitution on the saturated carbons (i.e., not at the C=C bond). The substituted unsaturated 

55 alicydic compounds useful in the instant invention are further exemplified by 3-methylcydopentene, 3-chlor- 
ocydobutene, 4-phenylcyclohexene and 3-methylcydopentadiene. The preferred unsaturated alicydic olefin 
is cydopentene. 

The unsaturated alicydic olefins useful in the instant invention are commercially available. Prior to reaction 
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of the unsaturated alicyclic olefin it may be preferable to treat or purify the alicyclic olefin. Methods which can 
be used for treating or purifying the alicyclic olefin are those methods known in the art and include distillation, 
treatment with alumina and the like. 

The reaction between the dihydrido- or monohydridosilane and unsaturated alicyclic olefin is catalyzed 

5 using a hydrosilylation catalyst. Hydrosilylation catalysts useful in the instant invention are exemplified by rho- 
dium compounds, platinum metal, platinum compounds, platinum complexes and nickel compounds. The pla- 
tinum compounds and platinum complexes are exemplified by chloroplatinic acid, chloroplatinic acid hexahy- 
drate, Karstedt's catalyst (PtfViMejSiOSiViMez)) dichlorobis(triphenylphosphine) platinum (II), cis-dichloro- 
bis(acetonitrile)platinum(ll), dicarbonyldichloro-platinum(H), platinum chloride and platinum oxide. Platinum 

10 metal is also useful in the instant invention as a hydrosilylation catalyst. The platinum metal can be deposited 
on a support such a charcoal, alumina or zirconia. The rhodium compounds useful in the instant invention are 
exemplified by rhodium chloride and RhCI 3 (n-Bu2S) 3 . 

Any hydrosilylation catalyst which affects the reaction between the dihydrido- or monohydridosilane at 
an -Si-H and the unsaturated alicyclic olefin at the -C=C- are useful in the instant invention. The preferred 

is hydrosilylation catalyst is chloroplatinic acid. 

The amount of the hydrosilylation catalyst suitable for catalyzing the reaction between the unsaturated 
alicyclic olefin and the dihydrido- or monohydridosilane varies within wide limits. Concentrations of the order 
of 1 mole of catalyst (providing one mole of platinum, rhodium or nickel) per billion moles of unsaturated groups 
in the unsaturated alicyclic olefin are useful. Concentrations as high as 1 to 10 moles of catalyst per thousand 

20 moles of unsaturated group in the unsaturated alicyclic olefin may be employed. Generally, the economics of 
the reaction dictates the particular level of catalyst employed. Preferable concentrations are from 1 mole of 
hydrosilylation catalyst per 1 ,000 moles to 1 ,000,000 moles of unsaturated groups in the unsaturated alicyclic 
olefin. Suitable amounts of supported platinum include, for example, from 0.1 to 10 weight percent, preferably 
from 0.5 to 5 weight percent based upon elemental platinum. 

25 Afurther description of platinum catalysts useful in the instant invention can be found in U.S. Patent Nos. 
4,578,497, 3,775,452, 3,220,972 and 2,823,218. 

The unsupported catalysts useful in the instant invention may be dissolved in asolventfor ease of handling 
and to facilitate the measuring of the minute amounts needed. Suitable solvents include the various hydro- 
carbon solvents such as benzene, toluene, xylene and mineral spirits and polar solvents such as alcohols, va- 

30 rious glycols and esters. Preferably the solvent should be inert to the catalyst. In some cases it may be desirable 
to employ also a solvent for one or both of the reactants. The amount of solvent employed is not critical and 
can vary without limit except for economic and kinetic considerations. Any solvent can be employed which will 
dissolve the desired reactants under the conditions of the reaction. 

The reaction temperature can vary over an extremely wide range. The optimum temperature depends 

35 upon the concentration of catalyst present, concentration of oxygen and the nature of the reactants. Best re- 
sults are obtained by initiating the reaction at 140° to 250°C. when operating in a closed system and main- 
taining the reaction within reasonable limits of this range. The reaction is typically exothermic and the reaction 
temperature can be maintained by controlling the rate of addition of one of the reactants or applying cooling 
means to the reaction vessel. When operating under atmospheric conditions, it is preferred to use a reaction 

40 temperature such that the reaction system being carried out under reflux conditions. 

The reaction can be carried out at atmospheric, sub-atmospheric or superatmospheric pressures. The 
choice of conditions is largely a matter of logic based upon the nature of the reactants and the equipment avail- 
able. Non-volatile reactants are especially adaptable to being heated at atmospheric pressure. It may be pre- 
ferred under certain conditions to run the reaction at pressures above atmospheric to reduce the volatility of 

45 the reactants at higher temperatures. 

The amount of time for the reaction to go to completion depends upon the reactants, reaction temperature, 
catalyst concentration and oxygen concentration. Determination of when the reaction has gone to completion 
can be accomplished by simple analytical methods such as gas liquid chromatography or by infrared spectro- 
metry. Any method which is capable of detecting the reactants and/or the product is useful in the instant in- 

50 vention to determine when the reaction has gone to completion. Several samples may have to be analyzed 
during the period of the reaction to detect the depletion of the reactant or the formation of the product and 
possible by-products. 

The reaction may be run on a continuous, semi-continuous or batch reactor. A continuous reactor com- 
prises a means wherein the reactants are introduced and products are withdrawn simultaneously. The con- 
55 tinuous reactor may be a tank, a tubular structure, a tower or other. A semi-continuous reactor comprises a 
means wherein some of the reactants are charged at the beginning and the remaining are fed continuously 
as the reaction progresses. The product may optionally be simultaneously withdrawn from the semi- 
continuous reactor. A batch reactor comprises a means wherein all the reactants are added at the beginning 
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and processes them according to a predetermined course of reaction during which no reactant is fed into or 
removed from the reactor. Typically, a batch reactor will be a tank with or without agitation means. 

The dicycloalkylsubstituted silanes of the instant invention may be produced by several reaction routes. 
One reaction route comprises producing a monocycloalkyl-substituted halo- oralkoxy- silane having a hydro- 

5 gen atom attached to the silicon atom (monohydridosilane) and is represented by the formula HSiR 2 R 2 wherein 
R is selected from a halide or an alkoxy group, -OR 1 , where R 1 is an alkyl group of 1 to 5 carbon atoms; and 
R 2 is selected from cycloalkenes with at least 4 carbon atoms. 

The monohydridosilane may be produced by any method known in the art. The preferable method forform- 
ing the monohydridosilane is to react an unsaturated alicyclic olefin with a silane having two hydrogen atoms 

10 attached to the silicon (herein referred to as silane). It is preferable to carry out this reaction under an inert 
atmosphere. However, oxygen may be introduced to facilitate the formation of the monohydridosilane. There 
is no limitation to the ratio of the silane and unsaturated alicyclic olefin in the reaction to produce the mono- 
hydridosilane. It is preferred to use at least one mole of unsaturated alicyclic olefin (providing one mole of C=C) 
for every mole of silane (providing two moles of Si-H). It is more preferable to use between 8 to 12 moles of 

15 unsaturated alicyclic olefin for every mole of silane. 

The monohydridosilane is reacted with an unsaturated alicyclic olefin using a hydrosilylation catalyst in 
the presence of oxygen to produce the dicycloalkyl-substituted silane. Again there is no limitation to the ratio 
of monohydridosilane and unsaturated alicyclic olefin in the reaction. However, it is preferable to use more 
than one mole of unsaturated alicyclic olefin for every mole of monohydridosilane and even more preferable 

20 to use between 1.1 to 20 moles of unsaturated alicyclic olefin for every mole of monohydridosilane. 

Another method by which the dicycloalkylsubstituted silane may be produced comprises reacting an un- 
saturated alicyclic olefin with a halo- or alkoxysilane having two hydrogen atoms attached to the silicon atom 
(dihydridosilane) and is represented by the formula H 2 SiR 2 wherein R is selected from a halide or an alkoxy, 
-OR 1 , where R 1 is an alkyl group of 1 to 5 carbon atoms; using a hydrosilylation catalyst in the presence of 

25 oxygen. There is no limitation to the ratio of dihydridosilane and unsaturated alicyclic olefin in the reaction. It 
is preferred to use at least two moles of unsaturated alicyclic olefin (providing two moles of C=C) for every 
mole of dihydridosilane (providing two moles of -SiH). It is more preferable to use between 2.1 to 20 moles of 
unsaturated alicyclic olefin for every mole of dihydridosilane. 

Either reaction route by which the dicycloalkylsubstituted silane is produced requires the presence of an 

30 effective amount of oxygen. In the first route the presence of oxygen is required when adding the alicyclic olefin 
to the monohydridosilane. The second reaction route requires the continuous presence of oxygen. The oxygen 
provides a means for controlling the rate of the reaction, enhancing the addition of the alicyclic group to the 
monohydrido- or dihydrido- silane and possibly controlling the by-product formation resulting in a higher yield 
of the dicycloalkylsubstituted silane. The oxygen is added into the reaction mixture by bubbling it into one of 

35 the reactants or by bubbling it into the reaction mixture. The addition of oxygen into the reactants on a sub- 
surface basis is most preferred since it allows for enhanced mass transfer leading to quicker equilibration of 
its solution concentration. In other words, it is the solution concentration of the oxygen relative to the platinum 
which is important Contacting the oxygen on the surface of the liquid, such as by blowing it into the vapor 
space of the reactor or by purging the reactor system with oxygen, may not be as effective. 

40 The effective amount of oxygen which must be added will be dependent on the operating conditions, the 
reactants and the amount of catalyst present and can be readily determined by one skilled in the art. It is pre- 
ferred to introduce the oxygen into the reaction system combined with an inert gas at an oxygen level of a 
few parts per million up to 99+ weight percent, more preferably 0.1 to 40 weight percent The inert gas which 
the oxygen is combined with may be selected from any inert gas such as nitrogen or argon. 

45 The amount of oxygen added during the reaction will affect the rate of reaction and by-product formation. 
If too little oxygen is added then addition to form the dicycloalkylsubstituted silane may proceed slowly or not 
at all. For example the reaction between the monohydridosilane and the unsaturated alicyclic olefin may not 
take place or may proceed slowly or the reaction between the unsaturated alicyclic olefin and dihydridosilane 
may proceed to form the monohydridosilane and little or none of the dicycloalkyl-substituted silane. The pres- 

50 ence of too much oxygen may result in the formation of undesirable by-products such as oxidation products. 
Further, the presence of too much oxygen may create unsafe operating conditions because of explosive con- 
ditions that may result for the dihydridosilanes in the presence of too much oxygen. One skilled in the art will 
be able to determine the optimum amount of oxygen necessary to provide the desired operating conditions 
and product distribution. Typically one skilled in the art will be able to make such a determination by monitoring 

55 the rate of the reaction and the by-product formation. 

So that those skilled in the art may better understand and appreciate the invention taught herein, the fol- 
lowing examples are presented. 
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I. SEALED-TUBED EXPERIMENTS 

A. Sealed-tube Preparation 

5 Pyrex™ glass tubes, with an approximate inner diameter of 4 mm and length of 28 cm (11 inches), were 
sealed on one end and dried in air in a 140°C. oven overnight (at least 1 6 hours). The tubes were then removed 
from the oven, capped with a rubber septum and allowed to cool to room temperature. 

Three methods were used for the preparation of samples in the sealed-tubes. Method 1 involved the ad- 
dition of reaction mixture under laboratory atmosphere by uncapping a previously nitrogen-purged sealed- 

10 tube, adding the reaction mixture, then recapping the tube prior to flame-sealing. Method 2 involved the ad- 
dition of reaction mixture under a nitrogen-inerted environment (glove bag) to a previously nitrogen-purged 
sealed-tube. Method 3 involved the addition of reaction mixture to a non-nitrogen-purged tube under labora- 
tory atmosphere. 

Approximately 0.8 mL of reaction mixture was added to each sealed-tube (unless noted) using a 1.0 mL 
15 syringe with needle. After addition of the reaction mixture, the sealed tubes were placed in a Dewar condenser 
containing a dry ice/isopropanol mix and flame-sealed using standard techniques. 

B. Reactant Preparation 

20 Cyclopentene was chilled in a dry ice/isopropanol mixture prior to the addition of dichlorosilane. All reac- 

tion components were mixed in 14.8 mL (1/2 ounce) vials inside a nitrogen-purged glove bag. Dichlorosilane 
was condensed in a modified Dewar condenser (filled with a dry ice/isopropanol mixture) equipped with an 
on-off valve which extended to the inside of the glove bag. This permitted the condensed dichlorosilane to be 
added to the chilled cyclopentene in an inerted environment. 

25 

C. Analysis 

The reaction process was monitored using a Hewlett-Packard™ 5890A series gas chromatograph equip- 
ped with a thermal conductivity detector and a 3393A series integrator. The column (25 meters long by 0.02 

30 mm ID) was a Hewlett-Packard™ Ultra 1 (crosslinked methyl silicone gum) capillary column which was oper- 
ated at a helium head pressure of 358.5 kPa (52 psi). The column temperature was programed from 35°C. to 
270°C. at 1 5°C./minute with an initial holding time of 2 minutes at 35°C. Af inal holding time of 5 minutes was 
allowed at 270°C. The injection port and detector temperatures were 300°C, and 325°C, respectively. The 
split ratio was approximately 28:1. Sample injection volumes were approximately 0.8 uL. 

35 Structural confirmation was accomplished using a Hewlett-Packard™ 5890A series gas chromatograph 
with flame detection and a 5971 A series mass selective detector. The column (30 meters long by 0.25 mm ID) 
was a J & W Scientific (crosslinked methyl silicone gum - catalog no. 122-1032) capillary column which was 
operated at a helium head pressure of 124.2 kPa (18 psi). Sample injection volumes were approximately 0.1 
uL. 

40 

D. Reagents 

Reagents were used without further purification unless otherwise noted. Alumina used to treat some of 
the cyclopentene was conditioned at 1 50°C. for 71 hours over DRIERITE™ prior to use. The chloroplatinic acid ~) 
45 solution represents a 10 wt% chloroplatinic acid in isopropanol. The Pt/C and Pt/Al 2 0 3 were conditioned at 
1 50°C. for 2 hours over DRIERITE™ prior to use. 

Example 1 

so The following runs show the effect of temperature on the reaction between cyclopentene and dichlorosi- 
lane. The results of this example may be found in Table 1. The results are given in calculated % yield based 
on GC area percent 

Run 1: Dichlorosilane (1.34 grams, 0.013 mole) was added to 8.50 grams (0.12 mole) of chilled cyclopen- 
tene. To this mixture, 10.6 u.L of chloroplatinic acid catalyst solution was added. The reaction mixture (0.4 mL) 
55 was added to sealed-tubes using Method 1 and heated at 140°C. for 4, 8 and 24 hours. 

Run 2: Dichlorosilane (2.40 grams, 0.024 mole) was added to 8.55 grams (0.13 mole) of chilled cyclopen- 
tene. To this mixture, 12.4 uL of chloroplatinic acid catalyst solution was added. The reaction mixture was add- 
ed to sealed-tubes using Method 1 and heated at 170°C, 200°C. and 225°C, respectively for 4, 8 and 24 hours. 
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Run 3: Dichlorosilane (2.10 grams, 0.021 mole) was added to 8.50 grams (0.12 mole) of chilled cyciopen- 
tene. Chloroplatinic acid catalyst solution (10.6 nl_) was added. The reaction mixture was added to sealed- 
tubes using Method 1 and heated at 250°C. for 4, 8 and 24 hours. 



Table 1 
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* A 
B 
C 



Cyclopentyldichlorosilane , C 5 H 9 SiCl 2 
Dicyclopentyldichlorosilane, (C 5 H 9 ) 2 SiCl 2 
Cyclopentyltrichlorosilane, C^SiClj 



Example 2 

40 The following runs show the effect of the catalyst type on the reaction between cyclopentene and dichlor- 
osilane. The results of this example may be found in Table 2. 

Run 4: Dichlorosilane (2.01 grams, 0.020 mole) was added to 8.50 grams (0.12 mole) of chilled cyclopen- 
tene. To this mixture, 185 uL of a catalyst comprised of 3 wt% RhCI 3 (n-Bu 2 S) 3 in toluene was added. The re- 
action mixture was added to sealed-tubes using Method 1 and heated at 140°C. and 250°C, respectively, for 

45 4, 8 and 24 hours. 

Run 5: Dichlorosilane (1.77 grams, 0.018 mole) was added to 8.50 grams (0.12 mole) of chilled cyclopen- 
tene. This mixture was added to sealed-tubes using Method 1 . A RhCI 3 catalyst (0.06 gram) was added to each 
sealed-tube. The reaction mixtures were heated at 140°C. and 250°C., respectively, for 4, 8 and 24 hours. 

Run 6: Dichlorosilane (2.96 grams, 0.029 mole) was added to 8.52 grams (0.13 mole) of chilled cyclopen- 
50 tene. This mixture was added to sealed-tubes using Method 1. Pt/C catalyst (0.11 gram) was added to half of 
the sealed-tubes and Pt/Al 2 0 3 catalyst (0.18 gram) was added to the remaining sealed-tubes. The reaction 
mixtures were heated at 170°C. for 4, 8 and 24 hours. 

Run 7: Dichlorosilane (3.45 grams, 0.034 mole) was added to 8.50 grams (0.1 3 mole) of chilled cyclopen- 
tene. To this mixture, 90 uL of a catalyst comprised of 0.625 wt% of a divinyltetramethyl-disiloxane platinum 
55 complex in a solution of dimethylvinyl terminated dimethyl siloxane was added. Sealed tubes were prepared 
using Method 1 and heated at 170°C. for 4, 8 and 24 hours. 
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Table 2 
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* A = Cyclopentyldichlorosilane, CjHpSiC^ 
B = Dicyclopentyldichlorosilane, (CjHg^SiC^ 
C = Cyclopentyltrichlorosilane, C^SiClg 



Example 3 

The following run shows the effect of the method by which the sealed tubes were prepared on the reaction 
between cyclopentene and dichlorosilane. The results of this example may be found in Table 3. 

Run 8: Dichlorosilane (2.64 grams, 0.026 mole) was added to 8.56 grams (0.13 mole) of chilled cyclopen- 
tene. To this mixture, 12.8 |*L of chloroplatinic acid catalyst solution was added. Sealed-tubes were prepared 
by Method 2 and by Method 3 and heated at 170°C. for 4, 8 and 24 hours. 
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TABLE 3 
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A = Cyclopentyldichlorosilane, C^H^SiCl., 
B = Dicyclopentyldichlorosilane, (C^H^^SiCl 
C = Cyclopentyltrichlorosilane, C,-H 0 SiCl, 



Example 4 



The following runs show the effect of the source of the cyclopentene on the reaction between cyclopen- 
tene and dichlorosilane. The results of this example may be found in Table 4. 

Run 9: Dichlorosilane (3.24 grams, 0.032 mole) was added to 8.50 grams (0.12 mole) of chilled cyclopen- 
tene (1 ). Similarly, 3.1 5 grams (0.031 mole) of dichlorosilane were added to 8.50 grams of chilled cyclopentene 

(2) . In addition, 3.12 grams (0.031 mole) of dichlorosilane were added to 8.50 grams of chilled cyclopentene 

(3) . 

To each mixture, 13.0 uL of chloroplatinic acid catalyst solution was added. Sealed-tubes were prepared 
by Method 1 and heated at 170°C. for 4, 8 and 24 hours. 



Table 4 



Run Cyclo- 


Reaction 


Reaction 




Product* 




pentene 


Temp (°C) 


Time (hrs) 


A 


B 


C 


9 1 


170 


4 


70.9 


1.5 


15.3 






8 


66.4 


3.6 


16.3 






24 


24.9 


51.5 


11.4 


9 2 


170 


4 


61.0 


1.4 


21.9 






8 


78.8 


1.0 


1.7 






24 


83.6 


1.0 


1.8 


9 3 


170 


4 


68.6 


0.9 


7.0 






8 


66.8 


1.4 


13.8 






24 


11.1 


1.6 


11.5 



* A = Cyclopentyldichlorosilane, C^H^SiC^ 
B = Dicyclopentyldichlorosilane, (C^Hg^SiCl 
C = Cyclopentyltrichlorosilane, C,H q SiCl, 
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Example 5 

The following runs show the effect of treating the cyclopentene with alumina during the reaction between 
cyclopentene and dichlorosilane. The results of this example may be found in Table 5. 
5 In the following runs the cyclopentene was treated by heating Al 2 0 3 in an oven at 150°C. for several days. 
After several days the sample was removed from the oven in a closed container and placed in a N 2 glove bag. 
20.3 cm (8 inch) drying tubes were filled with approximately 22 grams of the Al 2 0 3 . The cyclopentene was 
then poured through the tubes and collected into sample bottles. 

Run 10: Dichlorosilane (4.02 grams, 0.040 mole) was added to 8.51 grams (0.12 mole) of chilled alumina- 
w treated cyclopentene (2). Similarly, 3.72 grams (0.037 mole) of dichlorosilane were added to 8.50 grams (0.12 
mole) of chilled untreated cyclopentene (2). To each mixture, 13.0 uL of chloroplatinic acid catalyst solution 
was added. Sealed-tubes were prepared by Method 1 and heated at 170°C. for 4, 8 and 24 hours. 

Run 11 : Dichlorosilane (3.22 grams, 0.032 mole) was added to 8.50 grams (0.1 3 mole) of chilled alumina- 
treated cyclopentene (1). To this mixture, 13.0 uL of chloroplatinic acid catalyst solution was added. Similarly, 
15 0.71 grams (0.0070 mole) of dichlorosilane were added to 8.50 grams (0.13 mole) of chilled untreated cyclo- 
pentene (1). Chloroplatinic acid catalyst solution (4.2 was added. Sealed-tubes were prepared according 
to Method 1 and heated at 170°C. for 4, 8 and 24 hours. 



20 








Table 


5 








25 


Run 


Cyclo- 
pentene 


Reaction 
Temp (°C) 


Reaction 
Time (hrs) 


A 


Product* 
B 


C 


10 


Treated 
2 


170 


4 
8 
24 




91.0 
82.2 
38.2 


1.1 
8.7 
49.6 


0.5 
2.1 
5.4 


30 


10 


Untreated 
2 


170 


4 
8 
24 




77.5 
81.0 
80.3 


0.6 
0.8 
1.5 


0.8 
0.9 
1.6 


35 


11 


Treated 
1 


170 


4 
8 

24 




85.0 
88.2 
46.7 


1.3 
1.4 
39.7 


0.7 
0.8 
5.6 


40 


11 


Untreated 
1 


170 


4 
8 
24 




10.7 
17.3 
5.0 


1.1 
1.7 
3.9 


0.4 
6.7 
12.8 



* A = Cyclopentyldichlorosilane, C 5 H 9 SiCl 2 
B = Dicyclopentyldichlorosilane, (CjH^SiCl 
C = Cyclopentyltrichlorosilane, C-H Q SiCl, 



Example 6 

so The following run shows the effect of catalyst concentration and reaction time on the reaction between 
cyclopentene and cyclopentyldichlorosilane. The results of this example may be found In Table 6. 

Run 12: All reactants were chilled in a dry ice/isopropanol prior to mixing. Cyclopentyldichlorosilane (4.0 
grams, 0.0024 mole of 98% pure) was added to 8.95 grams (0.131 mole) of cyclopentene in a 14.8 mL (1/2- 
ounce) vial. To this mixture, 12.3 uL of chloroplatinic acid catalyst solution was added. The catalyzed reaction 

55 mixture was added to nine sealed-tubes. An additional 12.3 uL of chloroplatinic acid catalyst solution was add- 
ed to the final three tubes. The tubes were flame-sealed and heated at 170°C. for 4, 8 and 24 hours. 
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Table 6 



Run Reaction 


Reaction 




Product* 




Temp ( °C ) 


Time (hrs) 


A 


B 


C 


12 170 


4 


51.3 


3 . 6 


0.2 




8 


21.0 


29.1 


2.0 




24 


6.0 


42.5 


2.3 


12 170 


4 


39.3 


14.4 


0.1 




8 


14.7 


38.1 


2.1 




24 


5.7 


44.7 


2.4 


12 170 


4 


9.8 


33.9 


1.7 




8 


4.7 


21.7 


1.2 




24 


6.8 


34.8 


1.9 



* A = Cyclopentyldichlorosilane, CjHgSiC^ 
B = Dicyclopentyldichlorosilane, (C^H^SiCl 
C = Dicyclopentylchlorosilane, (C.Hq )„SiHCl 



II. 1 -LITER PARR REACTOR RUNS 

A. Reactant Preparation 

Cyclopentene was chilled in a dry ice/isopropanol or dry ice/acetone mixture prior to the addition of di- 
chlorosilane. All reactions were mixed in a vessel inside a nitrogen-purged glove bag. Dichlorosilane was con- 
densed in a modified Dewar condenser (filled with a dry ice/isopropanol mixture) equipped with an on-off valve 
which extended into the inside of the glove bag. This permitted the condensed dichlorosilane to be added to 
the chilled cyclopentene in an inerted environment Both reactants and catalyst were added to the 1-liter Parr 
reactor inside the glove bag. 

B. Analysis 

Analysis was performed as described in I. SEALED-TUBE EXPERIMENTS. 

C. Reagents 

The reagents were the same and treated in the same manner as described in I. SEALED-TUBE EXPERI- 
MENTS unless otherwise specified. 

Example 7 

Reaction between cyclopentene and dichlorosilane. The results of this example may be found in Table 7. 

Run 13: Dichlorosilane (34.67 grams, 0.34 mole) was added to 135.08 grams (1.98 mole) of chilled cyclo- 
pentene. The reaction mixture was placed in the 1-liter Parr reactor. The chloroplatinic acid catalyst solution 
(180 uL) was then added to the reaction mixture in the Parr reactor. The reaction was performed, with constant 
agitation, at 170°C. for 8 hours. 

Run 14: Dichlorosilane (35.48 grams, 0.35 mole) was added to 135.11 grams (1.98 mole) of chilled cyclo- 
pentene. The reaction mixture was placed in a 1 -liter Parr reactor. The chloroplatinic acid catalyst solution (1 80 
uL) was then added to the reaction mixture in a Parr reactor. The reaction was performed, with constant agi- 
tation, at 200°C. for 8 hours. 

Run 15: Dichlorosilane (37.22 grams, 0.37 mole) was added to 135.03 grams (1.98 mole) of chilled cyclo- 
pentene. The reaction mixture was placed in a 1-liter Parr reactor. The chloroplatinic acid catalyst solution (1 80 
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nL) was then added to the reaction mixture in the Parr reactor. The reaction was performed, with constant 

agitation, at 170°C. for 8 hours. 

Run 16: Dichlorosilane (33.85 grams, 0.34 mole) was added to 128.92 grams (1.89 mole) of chilled cyclo- 

pentene. The reaction mixture was placed in a 1 -liter Parr reactor. The chloroplatinic acid catalyst solution (1 80 
5 nL) was then added to the reaction mixture in the Parr reactor. The reaction was performed, with constant 

agitation, at 170°C. for 8 hours. 

Run 1 7: The l-liter Parr reactor was HF-etched, rinsed with water and various solvents and then dried prior 

to this run. Dichlorosilane (35.73 grams, 0.35 mole) was added to 135.98 grams (1.20 mole) of chilled cyclo- 

pentene. The reaction mixture was placed in the 1-liter Parr reactor. The chloroplatinic acid catalyst solution 
10 (1 80 pi) was then added to the reaction mixture in the Parr reactor. The reaction was performed, with constant 

agitation, at 170°C. for 6 hours. 



Table 7 



15 


Run 


Reaction 
Temp (°C) 


Reaction 
Time (hra) 


A 


Product* 
B 




C 




13 


170 


8 


51.3 


5.8 


4 


.2 


20 


14 


200 


8 


30.3 


4.9 


6 


.3 




15 


170 


8 


17.7 


19.2 


9 


.5 




16 


170 


8 


27.0 


7.1 


5 


.6 


25 


17 


170 


6 


38.6 


1.1 


1 


.5 




* A = 
B = 


Cyclopentyldichlorosilane, C 
Dicyclopentyldichlorosilane , 


5 H 9 SiCl 2 
(C 5 H 9 ) 2 SiCl 


2 




30 


C = 


Cyclopentyltrichlorosilane, C 


5 H 9 SiCl 3 







Example 8 

35 Reaction between cyclopentene and cyclopentyldichlorosilane. The results of this example may be found 
in Table 8. 

Run 18: All reactants were added to the 1-liter Parr reactor in laboratory atmosphere (no glove bag). Cy- 
clopentene was refrigerated prior to use (no chilling in dry ice/isopropanol (acetone) mixture). 

Cyclopentyldichlorosilane (72.1 9 grams of 86.8% purity) was added to 135.06 grams (1 .98 mole) of refri- 
40 gerated cyclopentene in a 473.2 mL (1 6-ounce) chlorosilane bottle. The reaction mixture was loaded into the 
l-liter Parr reactor. The chloroplatinic acid catalyst solution (185 uJ) was then added to the reaction mixture 
in the Parr reactor. The reaction was performed, with constant agitation, at 170°C. for 8 hours. 

45 Table 8 

Run Reaction Reaction Product* 

Temp (°C) Time (hrs) ABC 
18 170 8 15.8 8.2 30.6 

so * A = Cyclopentyldichlorosilane, C 5 H 9 SiCl 2 

B = Dicyclopentyldichlorosilane, (C 5 H 9 ) 2 SiCl 2 
C = Cyclopentyltrichlorosilane, C_H Q SiCl, 
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III. GLASSWARE 

A. Reaction Equipment 

5 The following runs were carried out in a 100-mL 3-neck round bottom flask which was equipped with a 
thermometer and thermowatch. The reflux flask was topped with a dry ice condenser which was connected 
to a bubbler, thermometer adaptor fitted with a 23 cm long disposable pipet for the subsurface addition of a 
gas which passed through a 25.4 cm (10-inch) long tube packed with DRIERITE™ (CaSCv), heating mantle 
and magnetic stirring bar. Constant agitation was used throughout each run. 

w 

B. Analysis 

Analysis was performed as described in I. SEALED-TUBE EXPERIMENTS. 
15 C. Reagents 

The reagents were the same and treated in the same manner as described in I. SEALED-TUBE EXPERI- 
MENTS unless otherwise specified. The cyclopentyldichlorosilane was produced in runs 13-17. The 2.07% 
oxygen (balance nitrogen) was purchased from AGA Specialty Gas, Maumee, Ohio. The air was lab air and 
20 by definition contains 78.08% nitrogen, 20.95% oxygen, 0.03% carbon dioxide and 0.93% argon. The nitrogen 
was lab nitrogen. 

EXAMPLE 9 

25 Reaction between cyclopentene and dichlorosilane. The following runs are examples of the hydrosilylation 

of cyclopentene with cyclopentyldichlorosilane under various atmospheres to produce dicyclopentyldichloro- 
silane. 

Run 19: Cyclopentyldichlorosilane (25.36 grams of 92.3% purity) was added to 10.22 grams of cyclopen- 
tene in the 100-mL round-bottom flask. To this mixture, 77.5 uL of chloroplatinic acid catalyst solution was 

30 added. Nitrogen was purged through the reaction mixture at 8cm 3 /min for 2 hours and 35 minutes. At this point, 
a sample analysis showed a yield of 59.3% of cyclopentyldichlorosilane, 1 .4% dicydopentyldichlorosilane and 
5.3% cyciopentyltrichlorosilane. The nitrogen purge was stopped and the mixture was subjected to a 2.07% 
oxygen purge at 8cm 3 /min for 3 hours and 1 0 minutes. At this point, a sample analysis showed a yield of 59.7% 
of cyclopentyldichlorosilane, 1.6% dicydopentyldichlorosilane and 6.0% cyciopentyltrichlorosilane. The 

35 2.07% oxygen purge was stopped and the mixture was subjected to an air purge at 8cm 3 /min for 2 hours and 
45 minutes. Temperature was allowed to vary from 70°C. to 85°C. At this point a sample analysis showed a 
yield of 64.4% of cyclopentyldichlorosilane, 1.7% dicydopentyldichlorosilane and 6.5% cyciopentyltrichloro- 
silane. 

At the end of this period, 23.7 grams of tridecane were added to the reaction mixture. The mixture was 

40 subjected to a nitrogen purge of 8cm 3 /min for 3 hours. At this point a sample analysis showed a yield of 60.0% 
of cydopentyldichlorosilane, 3.9% dicydopentyldichlorosilane and 13.1% cyciopentyltrichlorosilane. The ni- 
trogen purge was stopped and the mixture was subjected to a 2.07% oxygen purge of 8cm 3 /min for 3 hours 
and 20 minutes. At this point, a sample analysis showed a yield of 49.6% of cydopentyldichlorosilane, 8.3% 
dicydopentyldichlorosilane and 17.3% cydopentyltrichlorosilane. The 2.07% oxygen purge was stopped and 

45 the mixture was subjeded to an air purge of 8cm 3 /min for 70 minutes. Temperature was allowed to vary from 
130°C. to 138°C. At this point, a sample analysis showed a yield of 38.0% of cydopentyldichlorosilane, 13.0% 
dicydopentyldichlorosilane and 18.5% cyciopentyltrichlorosilane. An additional 3.8 grams of cydopentene 
were added and the reaction was continued for an additional 1 hour and 34 minutes over a temperature range 
of 1 00°C. to 1 1 0°C. At this point a sample analysis showed a yield of 22.8% of cyclopentyldichlorosilane, 11.1% 

50 dicydopentyldichlorosilane and 1 5.9% cyciopentyltrichlorosilane. An additional 25.9 grams of tridecane were 
added to the readion mixture. Using an air purge of 8cm 3 /minute, temperature was allowed to range from 
133°C. to 154°C. over 8 hours and 20 minutes. At this point, a sample analysis showed a yield of 16.1% dicy- 
dopentyldichlorosilane and 41.3% cyciopentyltrichlorosilane. 

Run 20: Cydopentene (1 0.24 grams), 1 6.95 grams of cydopentyldichlorosilane (92.3% purity) and 1 5.85 

55 grams of tridecane were added to the 100-ml round-bottom flask. To this mixture, 51.7 uL of chloroplatinic 
acid catalyst solution were added. An additional 44.11 grams of tridecane were added. Air was purged through 
the readion mixture at 8 cnWmin for 3 hours. At this point a sample analysis showed a yield of 43.4% of cy- 
clopentyldichlorosilane, 3.4% dicydopentyldichlorosilane and 15.8% cydopentyltrichlorosilane. Air was then 
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purged through the reaction mixture at 16 cm 3 /min for an additional 4 hours. The temperature was allowed to 
vary from 135°C. to 140°C. At this point a sample analysis showed a yield of 2.7% of cyclopentyldichlorosilane, 
8.4% dicyclopentyldichlorosilane and 46.5% cyclopentyltrichlorosilane. 2.07% oxygen in place of the air, was 
purged into the reaction mixture at 8 cmVmin for 3 hours. Temperature was held between 135°C. and 138°C. 

5 At this point a sample analysis showed a yield of 10.2% of cyclopentyldichlorosilane, 5.8% dicyclopentyldi- 
chlorosilane and 35.3% cyclopentyltrichlorosilane. After this time period, the 2.07% oxygen purge was in- 
creased to 16 cm 3 /min for 3 hours. Temperature was held between 135°C. and 137°C. At this point, a sample 
analysis showed a yield of 6.5% of cyclopentyldichlorosilane, 7.0% dicyclopentyldichlorosilane and 41 .2% cy- 
clopentyltrichlorosilane. The 2.07% oxygen purge was then increased to approximately 24 cm 3 /min for 1 hour 

10 and 45 minutes. Temperature was held between 135°C. and 137°C. At this point a sample analysis showed a 
yield of 3.2% of cyclopentyldichlorosilane, 6.5% dicyclopentyldichlorosilane and 45.6% cyclopentyltrichloro- 
silane. 

An additional 1.71 grams of cyclopentyldichlorosilane were added to the reaction mixture and the 2.07% 
oxygen purge set to 16 cm 3 /min for 3 hours. Temperature was held between 155°C. and 160°C. At this point, 

is a sample analysis showed a yield of 8.5% of cyclopentyldichlorosilane, 6.8% dicyclopentyldichlorosilane and 
45.3% cyclopentyltrichlorosilane. 

Run 21: Cyclopentene (4.10 grams), 10.17 grams of cyclopentyldichlorosilane (81.5% purity) and 25.14 
grams of tridecane were added to the 100-ml round-bottom flask. To this mixture, 31.1 uL of chloroplatinic 
acid catalyst solution were added. An additional 31.71 grams of tridecane were added. 2.07% oxygen was 

20 purged through the reaction mixture at 16 cm 3 /min for 3 hours. Temperature was allowed to vary between 
143°C. and 152°C. At this point a sample analysis showed a yield of 55.0% of cyclopentyldichlorosilane, 1 .3% 
dicyclopentyldichlorosilane and 1.8% cyclopentyltrichlorosilane. The 2.07% oxygen purge was increased to 
approximately 48 cm 3 /min for 2.5 hours at a temperature ranging from 1 50°C. to 162°C. At this point, a sample 
analysis showed a yield of 55.4% of cyclopentyldichlorosilane, 3.0% dicyclopentyldichlorosilane and 3.2% cy- 

25 clopentyltrichlorosilane. The 2.07% oxygen purge was then reduced to 16 cmVmin for 2 hours ata temperature 
ranging from 162°C. to 173°C. At this point, a sample analysis showed a yield of 51 .1% of cyclopentyldichlor- 
osilane, 6.3% dicyclopentyldichlorosilane and 4.3% cyclopentyltrichlorosilane. The 2.07% oxygen purge was 
increased to approximately 48 citf/min for 1 hour at a temperature ranging from 1 68°C. to 1 70°C. At this point 
a sample analysis showed a yield of 53.9% of cyclopentyldichlorosilane, 5.5% dicyclopentyldichlorosilane and 

30 6.9% cyclopentyltrichlorosilane. The 2.07% oxygen purge was then reduced to 1 6 cm 3 /min for 1 .5 hours at a 
temperature range from 1 70°C. to 1 73'C. At this point a sample analysis showed a yield of 48.9% of cyclo- 
pentyldichlorosilane, 7.4% dicyclopentyldichlorosilane and 9.3% cyclopentyltrichlorosilane. The 2.07% oxy- 
gen purge at 16 cm 3 /min was continued for an additional 5 hours at a temperature ranging from 168°C. to 
175°C. At this point, a sample analysis showed a yield of 19.5% of cyclopentyldichlorosilane, 13.6% dicyclo- 

35 pentyldichlorosi lane and 22.4% cyclopentyltrichlorosilane. The reaction mixture was then subjected to an air 
purge at 16 crtf/min for 1 hour and 35 minutes at a temperature ranging from 172°C. to 174°C. At this point, 
a sample analysis showed a yield of 0.3% of cyclopentyldichlorosilane, 22.2% dicyclopentyldichlorosilane and 
19.0% cyclopentyltrichlorosilane. 

Run 22: Cyclopentene (2.08 grams), 5.10 grams of cyclopentyldichlorosilane (81.5% purity) and 28.49 

40 grams of tridecane were added to the 1 00-ml round-bottom flask. To this mixture 1 5.6 uL of chloroplatinic acid 
catalyst solution was added. Nitrogen was purged through the reaction mixture at 16 cmVmin for 10 hours. 
Temperature was allowed to vary between 150°C. and 173°C. At this point, a sample analysis showed a yield 
of 52.9% of cyclopentyldichlorosilane, 0.5% dicyclopentyldichlorosilane and 1.8% cyclopentyltrichlorosilane. 
The reaction mixture was then subjected to an air purge at 16 crWmin for 3 hours and 10 minutes at a tem- 

45 perature ranging from 175°C. to 180°C. At this point, a sample analysis showed a yield of 0.6% of cyclopen- 
tyldichlorosilane, 22.6% dicyclopentyldichlorosilane and 12.6% cyclopentyltrichlorosilane. 

Run 23: Cyclopentene (2.11 grams), 5.18 grams of cyclopentyldichlorosilane (81.5% purity) and 28.62 
grams of tridecane were added to the 100-ml round-bottom flask. To this mixture, 15.9 u.L of chloroplatinic 
acid catalyst solution was added. Air (lab air) was purged through the reaction mixture at 16 cmVmin for6 hours 

so 45 minutes. Temperature was allowed to vary between 152°C. to 178°C. At this point, a sample analysis 
showed a yield of 0.3% of cyclopentyldichlorosilane, 22.5% dicyclopentyldichlorosilane and 21 .5% cyclopen- 
tyltrichlorosilane. 

IV. 2-GALLON REACTOR RUNS 

55 

A. Reactant Preparation 



Cyclopentene was chilled in a dry ice/isopropanol mixture prior to the addition of dichlorosilane. All reac- 
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tants were mixed in a 3.8 L (1-gallon) bottle inside a nitrogen-purged glove bag. Dichlorosilane was condensed 
in a modified condenser (filled with a dry ice/isopropanol mixture) equipped with an on-off valve which ex- 
tended into the inside of the glove bag. This permitted the condensed dichlorosilane to be added to the chilled 
cyclopentene in an inert environment This reaction mixture was transferred to a 3.8 L (1-gallon) feed tank wit h- 
5 out exposure to laboratory atmosphere. The chloroplatlnic catalyst solution was placed in the catalyst feed 
chamber (Runs 24-26). The catalyst was added directly to the reaction mixture in Runs 27 and 28. The reaction 
mixture and catalyst was fed into the helium inerted 7.6 L (2-gallon) reactor by pressuring the 3.8 L (1-gallon) 
feed tank containing the reaction mixture. 

10 B. Analysis 

Reaction progress was monitored using a Hewlett-Packard™ 5890 series gas chromatograph equipped 
with a thermal conductivity detector. Data was collected, integrated and reported using PC-based Hewlett- 
Packard™ ChemStation software. The column was a 30 meterX 0.25 mm ID X 1 .0 mm film OV-1 (crosslinked 
15 and surface bonded dimethylpolysiloxane) capillary column which was operated at a helium head pressure 
of 68.9 kPa (10 psi). The column temperature was programed from 35°C. to 225°C. at 10°C./min with an initial 
holding time of 5 minutes at 35°C. A final holding time of 5 minutes was allowed at 225°C. The injection port 
and detector temperatures were 250°C. and 275°C., respectively. Relevant instrument flows were: split vent 
flow = 255mL/min, septum purge flow = 0.8mL/min, column make-up flow = 2.7mL/min, detector reference 
20 gas flow = 6.5mL/min and column flow = 2.3mL/min. Sample injection volumes were approximately 0.6 ul_. 

The results reported in Area% were converted to Weight% by the use of GLC response factors that were 
obtained by standard means. 

Run 24: Step 1 - Hydrosilylation of cyclopentene with dichlorosilane to produce cyclopentyldichlorosilane. 

Silicone tetrachloride (9.82 grams) was added to 1965 grams (28.85 mole) of chilled cyclopentene in a 
25 3.8 L (1-gallon) bottle. Silicon tetrachloride was used as a water scavenger. To this mixture, 442.40 grams (4.38 
mole) of dichlorosilane were added. The reaction mixture was transferred to a 3.8 L (1-gallon) feed tank. Chlor- 
oplatinic acid catalyst solution (2.0 ml) was added to the catalyst feed chamber. All reactants and catalyst were 
fed into an inerted, helium purged, 7.6 L (2-gallon) reactor. The hydrosilylation was performed, with constant 
agitation, at a temperature ranging from 140.0°C. to 142.8°C. over a 8 hour period under a helium atmosphere. 
30 Reaction pressure ranged from 1 .1 0 to 1 .26 mPa gauge pressure (160 to 1 82 psig). At this point a sample ana- 
lysis showed a yield of 47.7% of cyclopentyldichlorosilane, 14.0% cyclopentylchlorosilane, 0.1% dicyclopen- 
tylchlorosilane and 0.3% cyclopentyltrichlorosilane. 

Low boiling volatiles, particularly unreacted dichlorosilane, was stripped from the reaction mixture at at- 
mospheric pressure and temperatures ranging from47.1°C. to 51 .5°C. (pot) and 26.1 0 C. to42.9"C. (overhead) 
35 over a 2.5 hour period, in common laboratory glassware. Atthis point a sample analysis showed a yield of 73.3% 
of cyclopentyldichlorosilane, 0.1% dicyclopentyldichlorosilane, 17.4% cyclopentylchlorosilane, 0.1% dicyclo- 
pentylchlorosilane and 0.5% cyclopentyltrichlorosilane. 

Run 24: Step 2 - Hydrosilylation of cyclopentene with cyclopentyldichlorosilane to produce dicyclopentyl- 
dichlorosilane. 

40 in a 7.6 L (2-gallon) reactor, the reaction mixture produced in Step 1 (stripped of dichlorosilane) was purged 
with 2% oxygen (balance nitrogen) at a temperature ranging from 167.3°C. to 173.9°C. over a 5 hour period 
under constant agitation. Reaction pressure varied from 1 .7 to 1 .9 mPa gauge pressure (246 to 276 psig) over 
this period. The 2% oxygen accounted for 386.1 kPa gauge pressure (56 psig) (on the average) above the 
vapor pressure of the reaction mixture. At this point a sample analysis showed a yield of 28.9% of cyclopen- 

« tyldichlorosilane, 4.4% dicyclopentyldichlorosilane, 9.3% dicyclopentylchlorosilane and 21 .4% cyclopentyltri- 
chlorosilane. The 2% oxygen purge was turned off and the reaction continued at a temperature ranging be- 
tween 1 70.0°C. and 1 73.5°C. for 2 hours under constant agitation. Reaction pressure varied from 1 .64 to 1 .7 
mPa gauge pressure (238 to 248 psig). At this point, a sample analysis showed a yield of 24.8% of cyclopen- 
tyldichlorosilane, 3.7% dicyclopentyldichlorosilane, 11.6% dicyclopentylchlorosilane and 27.4% cyclopentyl- 

50 trichlorosilane. 

On the next day, the reaction was continued with the 2% oxygen purge off at a temperature between 
169.3°C. and 178.8°C. for 4 hours with constant agitation. Reaction pressure varied from 1.41 to 1.81 mPa 
gauge pressure (204 to 262 psig). At this point a sample analysis showed a yield of 16.9% of cyclopentyldi- 
chlorosilane, 5.1% dicyclopentyldichlorosilane, 16.3% dicyclopentylchlorosilane and 28.5% cyclopentyltri- 
55 chlorosilane. The reaction mixture was subjected to the 2% oxygen purge at a temperature ranging from 
1 71 .4°C. to 1 72.9°C. for 1 hour and 1 5 minutes. Reaction pressure varied from 1 .43 to 1 .48 mPa gauge pres- 
sure (208 psig to 214 psig). The 2% oxygen accounted for approximately 55.2 kPa gauge pressure (8 psig) 
(on the average) above the vapor pressure of the reaction mixture. At this point, a sample analysis showed a 



14 



EP0 602 922 A2 



yield of 5.2% of cyclopentyldichlorosilane, 5.5% dicyclopentyldichlorosilane, 28.3% dicyclopentylchlorosilane 
and 22.8% cyclopentyltrichlorosilane. 

Run 25: Step 1 - Hydrosilylation of cyclopentene with dichlorosilane to produce cyclopentyldichlorosilane. 

Dichlorosilane (657.4 grams - 6.51 mole) was added to 2502 grams (36.73 mole) of chilled cyclopentene 
5 (2) in a 3.8 L (1-gallon) bottle. This reaction mixture was transferred to the 3.8 L (1-gallon) feed tank. Chlor- 
oplatinic acid catalyst solut ion (3.3 mL) was added to the catalyst feed chamber. All reactants and catalyst were 
fed into an inerted, helium purged, 7.6 L (2-gallon) reactor. The hydrosilylation was performed, with constant 
agitation, at a temperature ranging from 139.0°C. to 142.4°C. over an 8 hour period under a helium atmos- 
phere. Reaction pressure ranged from 1 .0 to 1 .4 mPa gauge pressure (144 to 206 psig). At this point a sample 
10 analysis showed a yield of 82.8% of cyclopentyldichlorosilane, 11 .5% cyclopentylchlorosilane and 1 .5% dicy- 
clopentylchlorosilane. 

Low boiling volatiies, particularly dichlorosilane, were stripped from the reaction mixture at atmospheric 
pressure and temperatures ranging from 45.4°C. to 48.2°C. (pot) and 38.0°C. to 41.7°C. (overhead) over a 
1 .5 hour period, in ordinary lab glassware. At this point a sample analysis showed a yield of 88.5% of cycle- 
rs pentyldichlorosilane, 9.8% cyclopentylchlorosilane and 1 .7% dicyclopentylchlorosilane. 

Run 25: Step 2 - Hydrosilylation of cyclopentene with cyclopentyldichlorosilane to produce dicyclopentyl- 
dichlorosilane. 

In the 7.6 L (2-gallon) reactor, an additional 1467 grams of cyclopentene were added to the reaction mixture 
produced in Step 1 (stripped of chlorosilane). The mixture was agitated under a helium atmosphere at a tem- 

20 perature ranging from 1 70.0°C. to 1 77.0°C. for 2 hours. The pressure varied from 1 .5 to 1 .7 mPa gauge pres- 
sure (222 to 246 psig). At this point, a sample analysis showed a yield of 91 .0% of cyclopentyldichlorosilane, 
6.7% cyclopentylchlorosilane and 2.3% dicyclopentylchlorosilane. 

The reaction mixture was subjected to a 2% oxygen purge with temperature ranging from 169.8°C. to 
1 73.8°C. over a 3 hour period. The pressure was maintained between 2.1 to 2.2 mPa gauge pressure (300 to 

25 314 psig) overthis period. The 2% oxygen accounted for 544.7 kPa gauge pressure (79 psig) (on the average) 
above the vapor pressure of the reaction mixture. At this point a sample analysis showed a yield of 86.0% of 
cyclopentyldichlorosilane, 3.7% dicyclopentyldichlorosilane, 4.9% dicyclopentylchlorosilane and 5.4% cyclo- 
pentyltrichlorosilane. 

The 2% oxygen was then reduced to a pressure which was maintained between 1 .68 to 1 .79 mPa gauge 
30 pressure (244 and 260 psig) over a 4 hour period. Temperature remained between 170.1°C. and 171 .8°C. over 
this period. The 2% oxygen accounted for 137.9 kPa gauge pressure (20 psig) (on the average) above the 
vapor pressure of the reaction mixture. At this point a sample analysis showed a yield of 69.7% of cyclopen- 
tyldichlorosilane, 9.4% dicyclopentyldichlorosilane, 5.6% dicyclopentylchlorosilane and 15.3% cyclopentyltri- 
chlorosilane. 

35 The 2% oxygen was increased to a pressure which was maintained between 6.7 to 7.2 mPa gauge pressure 
(974 and 1040 psig) over a 3 hour period. Temperature remained between 170.1°C. and 171.3°C. overthis 
period. The 2% oxygen accounted for 5.35 mPa gauge pressure (776 psig) (on the average) above the vapor 
pressure of the reaction mixture. At this pointa sample analysis showed a yield of 49.7% of cyclopentyldichlor- 
osilane, 12.8% dicyclopentyldichlorosilane, 5.7% dicyclopentylchlorosilane and 31.8% cyclopentyltrichlorosi- 

40 lane. 

On another day, the reaction mixture was subjected to a helium atmosphere at a temperature ranging from 
170.0°C. to 182.0°C. for over 2 hours and 15 minutes. Pressure was maintained between 1.49 to 1.78 mPa 
gauge pressure (216 and 258 psig) throughout this period. At this point a sample analysis showed a yield of 
44.0% of cyclopentyldichlorosilane, 15.9% dicyclopentyldichlorosilane, 5.8% dicyclopentylchlorosilane and 

45 34.3% cyclopentyltrichlorosilane. 

The reaction mixture was then subjected to 0.57% oxygen (balance nitrogen) with temperature between 
169.5°C. and 173.2°C. over 3 hours. Pressure was maintained between 1.81 to 1.9 mPa gauge pressure (262 
and 276 psig) over this period. The 0.57% oxygen accounted for 248.2 kPa gauge pressure (36 psig) (on the 
average) above the vapor pressure of the reaction mixture. At this point, a sample analysis showed a yield of 

50 36.5% of cyclopentyldichlorosilane, 21.3% dicyclopentyldichlorosilane, 6.0% dicyclopentylchlorosilane and 
36.2% cyclopentyltrichlorosilane. On the next day, an additional 1 .5 mL of chloroplatinic acid catalyst solution 
was added to the reaction mixture. The 0.57% oxygen was purged into the mixture at a temperature ranging 
between 169.7°C. and 171. 1°C. over 5 hours and 40 minutes. Pressure was maintained between 1.76 to 1.9 
mPa gauge pressure (256 and 274 psig) throughout this period. The 0.57% oxygen accounted for 227.5 kPa 

55 gauge pressure (33 psig) (on the average) above the vapor pressure of the reaction mixture. At this point a 
sample analysis showed a yield of 19.4% of cyclopentyldichlorosilane, 34.0% dicyclopentyldichlorosilane, 
6.3% dicyclopentylchlorosilane and 40.3% cyclopentyltrichlorosilane. 

Run 26: Step 1 - Hydrosilylation of cyclopentene with dichlorosilane to produce cyclopentyldichlorosilane. 
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Dichlorosilane (654.3 grams - 6.48 mole) was added to 2500.0 grams (36.70 mole) chilled cyclopentene 
(2). To this mixture, 3.3 mL of chloroplat inic acid catalyst solution was added. The reaction mixture and catalyst 
were transferred to the 3.8 L (1-gallon) feed tank and, subsequently, fed into the inerted, helium purged, 7.6 
L (2-gallon) reactor. The hydrosilylation was performed, with constant agitation, at a temperature ranging from 
5 1 38.6°C. to 143.5°C. for 9 hours under a helium atmosphere. At this point, a sample analysis showed a yield 
of 86.6% of cyclopentyldichlorosilane, 9.3% cyclopentylchlorosilane and 2.3% dicyclopentylchlorosilane. The 
reaction mixture was recatalyzed by adding 3.3 mL of chloroplat inic acid catalyst solution after 5 hours 1 0 min- 
utes of reaction. Reaction pressure ranged from 979.1 to 1089.4 kPa gauge pressure (142 to 158 psig). 

Low boiling volatiles, particularly dichlorosilane, were stripped from the reaction mixture at atmospheric 
10 pressure and temperatures ranging from 48.0°C. to 49.5°C. (pot) and 41.1°C. to 42.4°C. (vapor) over a 1.5 
hour period, in common laboratory glassware. At this point a sample analysis showed a yield of 90.7% of cy- 
clopentyldichlorosilane, 5.1% cyclopentylchlorosilane, 3.4% dicyclopentylchlorosilane and 0.8% cyclopentyl- 
trichlorosilane. 

Run 26: Step 2 - Hydrosilylation of cyclopentene with cyclopentyldichlorosilane to produce dicyclopentyl- 
15 dichlorosilane. 

An Additional 375.0 grams of cyclopentene (2) were added to the reaction mixture produced in Step 1 
(stripped of dichlorosilane). The reaction mixture (in the 7.6 L (2-gallon) reactor) was subjected to a 0.57% 
oxygen (balance nitrogen) purge with temperature ranging from 1 68.7°C. to 1 72.0°C. over a 6 hour period un- 
der a helium atmosphere. The pressure was maintained between 1 .7 to 1 .8 mPa gauge pressure (242 to 260 
20 psig). The 0.57% oxygen accounted for 248.2 kPa gauge pressure (36 psig) (on the average) above the vapor 
pressure of the reaction mixture. At this point a sample analysis showed a yield of 7.7% of cyclopentyldichlor- 
osilane, 80.0% dicyclopentyldichlorosilane, 5.6% dicyclopentylchlorosilane and 6.7% cyclopentyltrichlorosi- 
lane. 

Run 27: Step 1 - Hydrosilylation of cyclopentene with dichlorosilane to produce cyclopentyldichlorosilane. 

25 Dichlorosilane (647.4 grams - 6.4 mole) was added to 2501 .75 grams (36.7 mole) of chilled cyclopentene 
(2). To this mixture, 3.3 mL of chloroplat inic acid catalyst solution was added. The reaction mixture and catalyst 
were transferred to the 3.8 L (1-gallon) feed tank and, subsequently, fed into the inerted, helium purged, 7.6 
L (2-gallon) reactor. The hydrosilylation was performed, with constant agitation, at a temperature ranging from 
137.8°C. to 142.4°C. for 6 hours and 20 minutes under a helium atmosphere. At this point a sample analysis 

30 showed a yield of 84.9% of cyclopentyldichlorosilane, 0.5% dicyclopentyldichlorosilane, 10.0% cyclopentyl- 
chlorosilane and 2.3% dicyclopentylchlorosilane. 

The reaction mixture was re-catalyzed by adding 3.3 mL of chloroplatinic acid catalyst solution after 3 
hours and 35 minutes into the reaction. Reaction pressure ranged from 1.0 to 1.12 mPa gauge pressure (146 
to 162 psig). 

35 Low boiling volatiles, particularly dichlorosilane, was stripped from the reaction mixture at atmospheric 
pressure and temperatures ranging from 43.0°C. to 46.0°C. (pot) and 37.7°C. to 38.8°C. (overhead) over a 
1 .5 hour period, in common laboratory glassware. At this point, a sample analysis showed a yield of 90.9% of 
cyclopentyldichlorosilane, 0.5% dicyclopentyldichlorosilane, 4.4% cyclopentylchlorosilane and 4.2% dicyclo- 
pentylchlorosilane. 

40 Run 27: Step 2 - Hydrosilylation of cyclopentene with cyclopemtyldichlorosilane to produce dicyclopen- 
tyldichlorosilane. 

An additional 753.0 grams of cyclopentene (2) were added to the reaction mixture produced in Step 1 (strip- 
ped of dichlorosilane). The reaction mixture (in the 7.6 L (2-gallon) reactor) was subjected to a 0.57% oxygen 
(balance nitrogen) purge with temperature ranging from 1 70.3"C. to 1 71 .9°C. over a 6.5 hour period. The pres- 
45 sure was maintained between 1 .8 to 1 .9 mPa gauge pressure (262 and 282 psig). The 0.57% oxygen accounted 
for 475.7 kPa gauge pressure (69 psig) (on the average) above the vapor pressure of the reaction mixture. At 
this point, a sample analysis showed a yield of 8.7% of cyclopentyldichlorosilane, 77.3% dicyclopentyldichlor- 
osilane, 6.9% dicyclopentylchlorosilane and 7.1% cyclopentyitrichlorosilane. 

50 

Claims 

1 . A method for producing dicycloalkylsubstituted silanes comprises: 
(A) reacting 
55 (|) a silane selected from 

i) silanes having two hydrogen atoms attached to silicon atom and represented by the formula 

^SiRg 

wherein R is selected from a halide or an alkoxy group, -OR 1 , where R 1 is an alkyl group of 1 to 
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5 carbon atoms, and 

ii) silanes having one hydrogen atom attached to silicon atom and represented by the formula 

HSiR 2 R 2 

wherein R is selected from a halide or an alkoxy group, -OR 1 , where R 1 is an alkyl group of 1 to 
5 carbon atoms; and R 2 is selected from a cycloalkyl group having at least 4 carbon atoms, and 
Hi) mixtures thereof; and 

(II) an unsaturated alicyclic olefin having at least 4 carbon atoms; in the presence of 

(III) a hydros! lylation catalyst and 

(IV) an effective amount of oxygen; and 

(B) recovering the dicycloalkylsubstituted silane produced in (A). 

A method as claimed in claim 1 wherein the silane is dichlorosilane. 

A method as claimed in claim 1 wherein the silane is monocyclopentyldichlorosilane. 

A method as claimed in claim 1 wherein the unsaturated alicyclic olefin is cyclopentene. 

A method as claimed in claim 1 wherein the hydrosilylation catalyst is selected from rhodium compounds, 
platinum compounds, platinum metal on a support, platinum complexes and nickel compounds. 

A method as claimed in claim 1 wherein the oxygen is combined with an inert gas and introduced into 
the reaction mixture at a controlled rate. 
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